We discuss first some basic experimental facts related to ARPES, tunnelling, optics and neutron scattering measurements. They give evidence for the relevance of the electron-phonon interaction (EPI) in pairing mechanism of HTSC cuprates. A controllable and very efficient theory for strong correlations and their effects on EPI is discussed. The theory is based on the 1/N expansion method in the t-J model without using slave bosons (or fermions). The remarkable prediction is that strong correlations renormalize EPI and other charge-fluctuation properties (by including nonmagnetic impurity scattering) in such a way that the forward scattering peak (FSP) appears in the corresponding effective interactions. The existence of FSP in EPI is additionally supported by the weakly screened Madelung interaction in the ionicmetallic structure of layered cuprates. Pronounced FSP in EPI of HTSC cuprates reconciles many puzzling results, which could not be explained by the old theory with the momentum independent EPI. For instance, EPI with FSP gives that the couplings in the s-and d-wave pairing channel are of the same magnitude near and below the optimal hole doping. It is shown that FSP in the impurity scattering potential is responsible for robustness of d-wave pairing in cuprates with nonmagnetic impurities and other defects. The ARPES kink and the isotope effect in the nodal and anti-nodal points, as well as the collapse of the elastic nonmagnetic impurity scattering in the superconducting state, are explained by this theory in a consistent way. The proposed theory also explains why the nodal kink is not-shifted in the superconducting state while the anti-nodal kink is shifted by the maximal superconducting gap. It turns out, that in systems with FSP in EPI besides the classical phase fluctuations there are also internal fluctuations of Cooper pairs. The latter effect is pronounced in systems with long-ranged pairing forees, thus giving rise to an additional contribution to the pseudogap behavior.
INTRODUCTION
In this year, the physics community celebrates twenty years from the remarkable discovery of high-temperature superconductors (HTSC) by G. Bednorz and K. A. Müller. However, all of us are aware of the fact that our friend and teacher Vitalii Lazarevich Ginzburg 2 is the pioneer in this fasci-Kulić exotic quasi-2D HTSC materials-cuprates [2] . A number of interesting approaches for reaching high critical temperature T c were elaborated in the famous VL superconductivitygroup in the I. E. Tamm department at the P. N. Lebedev Institute in Moscow.
(VL is the popular name of V. L. Ginzburg-see footnote 2.) One of the most important results, which came from the "theoretical kitchen" of the VL group, was related to a possible limit of T c due to the electron-phonon interaction (EPI). Regrettably, study of the pairing mechanism in cuprate superconductors was significantly influenced by prejudices related to EPI. One prejudice in the search of HTSC materials is related to the question of the upper limit of T c within the phonon mechanism of pairing [3] . By assuming that the total macroscopic longitudinal dielectric function ε tot (k, ω = 0) is positive for all k, ε tot (k, ω = 0) > 0, k is the momentum and ω is the frequency) the authors in [4] came to a pessimistic conclusion that EPI is able to produce only a moderate T c < 10 K, since as they predicted the EPI coupling constant is limited to its maximal value λ max EPI < 0.5. However, a number of experiments contradicted this statement, since the large coupling constant λ EPI > 1 is realized in a number of materials. For instance λ EPI > 1 ≈ 2.5 in the PbBi alloy (although T c is not large), and λ EPI ≈ 1 with T c ≈ 40 K in MgB 2 . There are a number of other systems with λ EPI > 0.5, such as A 3 C 60 with λ EPI ≈ 1 and T c ≈ 40 K, etc. The correct answer to this question was given by D. A. Kirzhnitz [4] , a remarkable man and physicist from the Ginzburg group, who has shown that thermodynamic and lattice stability do not exclude the possibility that ε tot (k, ω = 0) < 0. In fact, a negative value of ε tot (k, ω = 0) is realized in a large portion of the Brillouin zone in most superconductors [5] . This important result means that the dielectric function ε tot does not limit T c in the phonon mechanism of pairing-see more in [1, [5] [6] [7] .
Concerning HTSC in cuprates one of the central questions is-what is the pairing mechanism in these materials? In the last 20 years, the scientific community was overwhelmed by all kinds of (im)possible proposed pairing mechanisms, most of which are hardly verifiable, if at all. This trend is still continuing nowadays (although with smaller slope), in spite of the fact that the accumulated experimental results eliminate all but few. A somehow similar situation happened also in experimental physics of HTSC cuprates, where a whole spectrum of possible and impossible values of some (for pairing mechanism) relevant quantities was reported. As illustration the reader can look at (critical) analysis of experimental situation in optics done by Ivan Božović [8]-especially of the measurements of the plasma frequency ω pl . The dispersion in the reported value of ω pl , from 0.06 to 25 eV-almost three orders of magnitude-tells us that in some periods the science suffers from the lack of rigorousness and objectiveness.
By the end of the 20-year era in studying HTSC materials, more or less three main directions in search for the pairing mechanism have crystallized. The first approach, based on strong correlations, was first proposed by P. W. Anderson in 1987 and followed by many others. The starting point is that the physics of cuprates is the physics of doped Mott insulator [9] , which is supposed to be well described by the single-band Hubbard model (or its extensions). The promoters of this approach believe that strong electronic correlations alone are the driving mechanism behind the whole phase diagram of these materials-the antiferromagnetic phase, metallic and superconducting one. Since strong correlations belong to the strong coupling problem it is understandable that even nowadays, exactly 20 years after the discovery of HTSC, there is still no reliable theory of strong correlations in HTSC materials which is capable to describe both the normal and the superconducting state.
The second approach is based on pronounced antiferromagnetic spin fluctuations which are present in cuprates especially at very low doping-we call it the spin-fluctuation interaction approach (SFI) [11] . Later on we will argue that this phenomenological approach-which can be theoretically justified in the very weak coupling limit only-is based on two ingredients which are more in conflict than in agreement with the existing experimental results. First, the spinfluctuation spectrum taken from the (low-frequency) NMR measurements differs from the one obtained in neutron scattering measurements-see [6, 10] . The latter is shifted to much higher energies. Second, in order to explain large T c within the SFI approach, one has to assume an unrealistically large spinfluctuation coupling constant g sf > 0.7 eV, which implies that, the pairing coupling constant is also unrealistically large λ sf (∼ g 2 sf ) > 2. Our statement is confirmed by a number arguments. Let us mention here some of them, while others are given in Section 2. 1. For instance, such a large λ sf gives much larger resistivity than the measured one. Also, g sf extracted
